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REPORT  
1. SCIENTIFIC GOALS  
No change. 
2. STUDIES AND RESULTS (1985/86) 
A. 	The Effect of Mercury on the Stability of Phases in Dental Amalgam. 
The effect of the presence of mercury on the corrosion stability of some 
of the major phases in dental amalgam that do not contain mercury as a 
major alloying element was investigated. This study was based on previ-
ous observation that the reaction phase Cu r,Sn 5 in high-copper dental 
amalgams is more corrosion-susceptible in nie presence of mercury than 
in pure state. 
Phases Cu 3 Sn, Ag 3 Sn, and Pd 3 Sn were prepared by melting the pure 
elements in vacuum and annealing. 	
Ag 3 
 Sn and Cu
3
Sn are the major phases 
in alloys from which high-copper dental amalgams are prepared; Pd 3 Sn is 
a reaction phase that has been reported to appear in the new experimen- 
tal amalgams containing palladium. 	Samples of the above phases were 
prepared as electrodes and subjected to electrochemical tests. Control 
samples contained no mercury. T2 heremaining samples were electrolyti-
cally plated with 1 to 10 mg/cm of mercury. The corrosion potentials 
and anodic polarization curves of the samples exposed to synthetic 
saliva have been determined. 
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The results show that for all the three phases the corrosion sus-
ceptibility increased with the amount of mercury. At the highest amount 
of mercury there was an indication that small amounts of the Sn oct lig 
(gamma-2) phase formed, sharply increasing the corrosion susceptibility. 
In smaller amounts mercury seemed to degrade the protective passive 
layer, thus increasing the passive current density and therefore the 
corrosion rate. 
B. Determination of the Corrosion Depth as a Function of the Integrated  
Corrosion Current Density.  
Tests were performed using one low-copper and three high-copper amalgams 
representing the major amalgam types on the market. Specimens were pre-
pared according to ADA Specification #1 and subjected to controlled ac-
celerated corrosion exposures under potentiostatic conditions. 	The an- 
odic current density was monitored and integrated, providing a quantita-
tive measure of the total corrosion damage. The specimens were then 
sectioned and the depth of corrosion determined after metallographic 
polishing. 
A setback occurred due to the difficulty of identifying reliably 
the depth of the corroded layer. 	Although a surface layer of different 
appearance was observed in corroded specimens, scanning electron micro-
scope examination and energy-dispersive X-ray analysis indicated that 
the true depth of corrosion may be, in some cases, substantially differ-
ent from the one that could be observed by optical metallography. A new 
measurement technique involving autoradiography has been developed and 
is now being applied to measure more accurately the corrosion depth. 
C. Investigation of Sulfide Tarnishing of Dental Amalgam  
Previous results of tarnishing tests for various types of dental amal-
gam, and a review of literature, showed a serious lack of understanding 
and data concerning the electrochemical processes involved in sulfide 
tarnishing. 	Therefore, the major phases of the amalgam structure, 
gamma, gamma-1, gamma-2, Cu 6 Sn 5 , and Cu 3 Sn have been prepared and sub- 
jected to electrochemical tests. 	The tests included measurements of the 
corrosion potentials, and determination of the anodic polarization 
curves for samples exposed to a 0.01 M aqueous sodium sulfide solution, 
and synthetic saliva containing 0.01 M sodium sulfide. 
The results have shown that the phases containing copper had a 
higher thermodynamic tendency for the reactions with sulfides than sil-
ver-containing phases, but the kinetics of the formation of the sulfide 
films were slower on copper containing phases than on silver-containing 
ones. 	The results will be used in an overall characterization of the 
behavior of dental amalgam in sulfide-containing solutions. 
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3. OBJECTIVES FOR THE COMING YEAR  
The following studies are planned for the coming year: 
a. Investigation of the Transport of the Electrolyte Species to the  
Corrosion Sites within the Structure of Dental Amalgam  
Radioactive tracers and high resolution autoradiography will be used to 
determine which species are transported to the corrosion sites, and by 
what mechanism. 	Both reactive (Cl, H, 0) and nonreactive (Ca, P) 
species will be examined. The presence of both reactive and nonreactive 
species within the structure would indicate a penetration of the elec-
trolyte as a liquid into the structure; the presence of only reactive 
species would indicate a solid state diffusion transport. 
b. Determination of the Quantitative Relationship between Corrosion and  
Strength of Dental Amalgam  
The bending strength of dental amalgam samples subjected to controlled 
corrosion will be determined. The results will be correlated with the 
results of the true corrosion depth measurements which are now in 
progress. 	The tests will be performed for the major types of dental 
amalgam, and will allow the prediction of the loss of strength for amal-
gams corroding at various corrosion rates. 
c. Exploration of the Possibility of Stress Corrosion Cracking of  
Dental Amalgam  
Specimens of dental amalgams representing the major types will be 
stressed in bending and exposed to a synthetic saliva under both free 
corrosion and controlled corrosion conditions. 	After periods of expo- 
sure the specimens will be examined by scanning electron microscopy for 
cracks. 	The study is an exploration of the possibility that stress cor- 
rosion cracking is involved in the fracture of margins of dental amalgam 
restorations. 
d. Investigation of the Electrochemical Relationships Involved in  
Sulfide Tarnishing of Dental Amalgams  
On the basis of the current study of sulfide tarnishing of the individ-
ual phases an analysis of the electrochemical mechanism of sulfide tar-
nishing of the amalgam structure will be performed. Samples simulating 
the amalgam structure will be prepared by mixing powders of the individ-
ual phases, and subjected to electrochemical tests. The results will be 
compared with the results of the same tests performed with actual dental 
amalgam samples, and a mechanism of tarnishing will be proposed.. 
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